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SOME PRACTICAL ASPECTS OF SCRIBING 


By Samuel M. Polcari 

Electronics Research Center 


SUMMARY 


This report presents the results of a series of experiments

performed in the diamond scribing of silicon wafers for the separa­

tion of dice. The factors considered are tool depth, tool direc­

tion, tool speed, tool geometry, scribing angle, and force. 


The tests were made to evaluate the heel scribing approach, 

a relatively recent development in the scribing of silicon wafers, 

which utilizes the back or heel of the diamond tool rather than 

the front or toe of the standard truncated tool. 


INTRODUCTION 


For many years the separation of semiconductor devices pro­

duced on silicon wafers has received scant attention from process

engineers in the industry. In the overall process of developing

and manufacturing diodes, transistors, and integrated circuits, 

millions of man-hours were expended in developing more exotic and 

complex semiconductor devices. Unfortunately most of the effort 

was addressed to the problems encountered in batch producing the 

wafers. The subsequent separation and assembly of the hundreds 

of devices per wafer did not receive the attention required to 

maintain the quality and hold down the cost of the devices so pro­

duced. However, it has been finally recognized that the cost and 

quality of the finished product depend as much on how the wafer 

is processed and handled after the hundreds of devices are formed 

on the wafer as before this stage of the processing. This report

addresses itself to one aspect of the post-wafer processing,

namely, the separation of the circuits from the wafer for subse­

quent mounting and packaging. 


There are at present four methods being used for the separa­

tion of devices and circuits. The individual units are referred 

to as dice. The dicing of wafers may be brought about by the use 
of (1) a diamond cutting wheel, ( 2 )  a diamond-tip scribing tool, 
( 3 )  a laser beam, or ( 4 )  a chemical etching process. Although
the diamond cutting wheel is still being used by some manufactur­

ers, it is perhaps the least desirable method from a cost and 

quality point of view. The laser beam technique is under investi­

gation as an alternate to the diamond-tip scribing method which 




has  been t h e  i n d u s t r y  s t anda rd  f o r  many y e a r s .  The chemical 
e t ch ing  p rocess  i s  used t o  good advantage i n  t h e  s e p a r a t i o n  of 
beam l e a d  dev ices  where ( 1 0 0 )  s i l i c o n  may be e t ched  along pre­
f e r e n t i a l  p l anes .  

EVALUATION OF SCRIBE LINES 

The m o s t  widely used and accepted technique  f o r  t h e  separa­
t i o n  of dev ices  i s  by t h e  use of a diamond-tip s c r i b i n g  t o o l  t o  
s c o r e  t h e  s u r f a c e  of s i l i c o n  wafers .  I t  w a s  determined from an 
examination of t h e  s c r i b i n g  process  t h a t  a t  l eas t  s i x  elements 
of t h e  p rocess  have t o  be c l o s e l y  c o n t r o l l e d  i n  o r d e r  t o  mean­
i n g f u l l y  e v a l u a t e  t h e  q u a l i t y  of l i n e s  s c r i b e d  on (111) s i l i c o n  
wafers  . 

A series of experiments  was performed t o  e v a l u a t e  t h e  q u a l i t y  
of s c r i b e  l i n e s  as a f u n c t i o n  of t o o l  dep th ,  d i r e c t i o n ,  speed, 
geometry, a n g l e ,  and f o r c e .  The absence of s u b s t r a t e  damage and 
f ragmenta t ion  a long  t h e  s c r i b e  l i n e s  w e r e  used as c r i t e r i a  f o r  
accep tab le  l i n e s .  A s  t h e  work progressed ,  it became ev iden t  t h a t  
a c h a r a c t e r i s t i c  of good s c r i b e  l i n e s  was t h e  presence of minute ,  
t r a i l i n g  hash marks which p o i n t  oppos i t e  t o  t h e  d i r e c t i o n  from 
which t h e  t o o l  t r a v e l s  on c o n t a c t .  F u r t h e r  s tudy  of t h e s e  t r a i l ­
i n g  hash marks i s  p r e s e n t l y  underway t o  determine t h e i r  s i g n i f i ­
cance i n  t h e  e f f e c t i v e  s c r i b i n g  of (111) s i l i c o n . ( S e e  F igures  1 
and 2 . )  

TOOL DEPTH 

To minimize t h e  e f f e c t  of tool depth  on t h e  c h a r a c t e r i s t i c s  
of t h e  s c r i b e  l i n e s ,  t h e  t o o l  was f i x e d  a t  a minimum s e t t i n g  which 
would i n s u r e  c o n t a c t  a c r o s s  t h e  complete wafer .  The depth of t h e  
t o o l  a t  res t  below t h e  s u r f a c e  of t h e  wafer was f i x e d  a s  fo l lows:  

With t h e  f o r c e  and s c r i b e  angle  s e t  a t  predetermined 
v a l u e s ,  t h e  t o o l  w a s  lowered i n  increments  of one 
q u a r t e r  d i v i s i o n  u n t i l  c o n t a c t  w a s  made t o  t h e  su r ­
f a c e  of t h e  wafer .  Then t h e  t o o l  w a s  lowered one-
h a l f  a d d i t i o n a l  d i v i s i o n  i n  o r d e r  t o  i n s u r e  f u l l  con­
t a c t  a c r o s s  t h e  wafer .  Thus t h e  t o o l  depth  may be 
des igna ted  a s  .001  i n .  +.8[!8 $E. r e g a r d l e s s  of t h e  
wafer t h i c k n e s s ,  which ili ese Gxperiments v a r i e d  
from . 0 0 8 4  i n .  t o  . 0 0 9 9  i n .  
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TOOL D I R E C T I O N  


I t  can be shown t h a t  t h e  d i r e c t i o n  of t o o l  t r a v e l  i n  t h e  
s c r i b i n g  of (111) s i l i c o n  can a f f e c t  t h e  q u a l i t y  of t h e  s c r i b e  
l i n e s  and hence t h e  subsequent s e p a r a t i o n  of t h e  d i c e .  

I n  s c r i b i n g  perpendicular  t o  t h e  ( 1 1 0 )  o r i e n t a t i o n  f l a t ,  
one has t h e  cho ice  of moving t h e  t oo l  toward t h e  f l a t  i n  one 
case, or  away from t h e  f l a t  i n  t h e  o t h e r .  For t h i s  series of 
s c r i b e  l i n e s ,  t h e  d i r e c t i o n  of t o o l  t r a v e l  i s  o p t i o n a l .  See 
F igure  3 .  

However, such i s  n o t  t h e  case when s c r i b i n g  t h e  series of 
l i n e s  p a r a l l e l  t o  t h e  o r i e n t a t i o n  f l a t ,  i . e . ,  a long t h e  ( 1 1 0 )  
p l anes .  I n  o r d e r  t o  minimize t h e  damage t o  t h e  s u b s t r a t e  a long  
t h e s e  s c r i b e  l i n e s ,  t h e  d i r e c t i o n  of t o o l  t r a v e l  must be such 
t h a t  it approaches t h e  apexes of t h e  t r i a n g l e s  formed by t h e  
i n t e r s e c t i n g  (111) p lanes  through t h e  bases  of t h e  t r i a n g l e s  so  
formed. T h i s  may be c l a r i f i e d  by r e f e r e n c e  t o  F igure  4 .  I n  
F igure  4 ,  ( a )  i s  p r e f e r r e d .  F igure  5 shows a photograph c o r r e s ­
ponding t o  F igu re  4 ( a ) .  Figure 6 i s  a photograph, taken under 
dark f i e l d  i l l u m i n a t i o n ,  which shows t h e  e f fec t  of t o o l  t r a v e l  
d i r e c t i o n  on t h e  s u b s t r a t e .  

With r e f e r e n c e  t o  t h e  o r i e n t a t i o n  f l a t ,  t h e  t r i a n g l e s  
formed by t h e  i n t e r s e c t i n g  (111) p lanes  may be p o i n t i n g  up (Fig­
u r e  4a) o r  down (Figure  4 b ) ,  depending on whether t h e  f l a t  i s  t o  
t h e  l e f t  o r  r i g h t .  Line ( a )  of F igu re  6 was s c r i b e d  wi th  t h e  
f l a t  t o  t h e  l e f t  as viewed, whi le  l i n e  ( b )  was s c r i b e d  wi th  t h e  
f l a t  of t h e  same wafer t o  t h e  r i g h t .  Note t h e  minimal damage t o  
t h e  s u b s t r a t e  a long l i n e  (a)  compared t o  t h e  damage along l i n e  ( b ) .  
The former case i n v a r i a b l y  r e s u l t s  i n  c l e a n e r  edges,  less fragmen­
t a t i o n  along t h e  edges of t h e  d i c e ,  and less s i l i c o n  d e b r i s  when 
t h e  d i c e  a r e  sepa ra t ed .  I t  i s  ax iomat ic  t h a t  more damage occurs  
i n  one d i r e c t i o n  than  t h e  o t h e r  r e g a r d l e s s  of t o o l  ang le ,  dep th ,  
geometry, r a t e  of t r a v e l ,  o r  f o r c e .  

TOOL SPEED 

The Tempress s c r i b i n g  machine used i n  a l l  our  experiments  had 
a normal ra te  of t oo l  t r a v e l  of 36 c/min. A t  such a r a t e  it w a s  
v i r t u a l l y  imposs ib le  t o  e l i m i n a t e  t o o l  bounce and sk ipping  as t h e  
t o o l  e n t e r e d  t h e  edge of t h e  wafer .  I t  i s  obvious t h a t  i f  t h e  
s c r i b e  t o o l  does n o t  c o n t a c t  t h e  wafer  a c r o s s  i t s  f u l l  wid th ,  t h e  
r e s u l t i n g  d i c e  s e p a r a t i o n  w i l l  be less t h a n  p e r f e c t  w i th  excess ive  
p e r i p h e r a l  losses due t o  e r r a t i c  f r a c t u r i n g  of t h e  wafer .  By i n ­
c r e a s i n g  t h e  t o o l  f o r c e  and depth one may reduce t o o l  bounce and 
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edge sk ipping .  H o w e v e r ,  t h e  s c r i b e  l i n e s  so formed are heavy and 
fragmented w i t h  excess ive  damage t o  t h e  s u b s t r a t e  r e s u l t i n g .  

The ra te  of t o o l  t ravel  on t h e  machine i s  e a s i l y  v a r i e d  by 
s u b s t i t u t i n g  r e a d i l y  a v a i l a b l e  cam p u l l e y  assembl ies .  The too l  
speed w a s  reduced t o  1 8  c/min and a c c e p t a b l e  s c r i b e  l i n e s  w e r e  
ob ta ined  w i t h  no edge sk ipping .  

TOOL GEOMETRY 

The diamond-tip s c r i b i n g  t o o l s  used i n  t h e s e  experiments 
w e r e  manufactured by t h e  American Coldse t  Corporat ion,  which a t  
t h e  t i m e  was t h e  on ly  known source f o r  tools amenable t o  t h e  
"hee l "  s c r i b i n g  approach. H e e l  s c r i b i n g  i s  a r e l a t i v e l y  r e c e n t  
development i n  t h e  s c r i b i n g  of semiconductor wafers ,  which u t i l i ­
z e s  t h e  back o r  h e e l  of t h e  diamond t o o l  r a t h e r  than t h e  f r o n t  o r  
t o e  of t h e  s t a n d a r d  t r u n c a t e d  pyramid t o o l .  F igure  7 p o i n t s  o u t  
t h e  d i f f e r e n c e  i n  t h e  t h r e e  t o o l s  used i n  our  experiments.  

I t  w a s  expected t h a t  reducing t h e  inc luded  angle  0 would 
r e s u l t  i n  more of t h e  p r e s e t  t o o l  f o r c e  be ing  brought t o  bea r  
normal t o  t h e  wafer  s u r f a c e  and less of t h e  f o r c e  d i s s i p a t e d  
l a t e r a l l y  a long  t h e  s c r i b e  l i n e .  Indeed it w a s  found t h a t  more 
accep tab le  s c r i b e  l i n e s  w e r e  produced over  a wider range of t o o l  
f o r c e  and s c r i b i n g  a n g l e s  as 0 decreased from 6 0 "  t o  33". 

SCRIBING ANGLE* 

The too l  ang le  a ,  as dep ic t ed  i n  F igu re  7 ,  res t r ic ts  t h e  
minimum h e e l  s c r i b i n g  angle  t o  something g r e a t e r  than 35". The 
Tempress s c r i b e r  i s  designed t o  a l low a maximum s c r i b i n g  ang le  
of 45". 

To f a c i l i t a t e  o b t a i n i n g  an  a c c u r a t e  and r e p e a t a b l e  t o o l  
angle  f o r  s c r i b i n g ,  a series of s imple j i g s  w e r e  designed and 
made t o  f i x  t h e  s c r i b i n g  angle  a t  3 6 " ,  38", 40°, 4 2 " ,  and 4 4 " .  
Figure  8 shows a j i g  be ing  used t o  se t  t h e  s c r i b i n g  angle .  Fig­
u r e  9 i s  a photograph of f i v e  success ive  s c r i b e  l i n e s  made a t  a 
t oo l  f o r c e  of 6.5 g and a t  angles  of 36" t o  4 4 " .  Only l i n e s  l a  
and 2a are c l a s s i f i e d  as accep tab le .  Lines  3a,  4a, and 5a are 
unacceptable  because of f ragmentat ion ( i . e . ,  chip-out)  and sub­
s t r a t e  damage. 

- ._ 
~~

* 
By s c r i b i n g  a n g l e  i s  meant t h e  inc luded  ang le  formed by t h e  

shank of t h e  t o o l  i n  i t s  ho lde r  and a l i n e  normal t o  t h e  wafer .  
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TOOL FORCE 


The amount of f o r c e  brought t o  bea r  on t h e  s u b s t r a t e  by t h e  
s c r i b i n g  too l  i s  v a r i a b l e  and can be p r e s e t  on t h e  machine by use  
of i t s  f o r c e  d i a l  i n d i c a t o r .  However, w e  w e r e  unable t o  reduce 
t h e  f o r c e  s u f f i c i e n t l y  t o  f i n d  t h e  lower l i m i t  f o r  accep tab le  
l i n e s  u n t i l  t h e  ram head s t u d  and washer w e r e  removed. A t  very
l o w  f o r c e s ,  i . e . ,  1 t o  3 g ,  t h e  tool f l u t t e r e d  to such a degree  
t h a t  it w a s  imposs ib le  t o  c o n t r o l  t h e  s c r i b e  l i n e s .  The head 

i w a s  r e - ad jus t ed  t o  provide a minimum f o r c e  of 6 . 5  g and an exter­
m a l  f o r c e  gauge w a s  used t o  r e c a l i b r a t e  t h e  f o r c e  d i a l  i n d i c a t o r .  1 

Figures  1 0 ,  11, and 1 2  a r e  photographs of t y p i c a l  l i n e s' s c r i b e d  w i t h  i n c r e a s i n g  t o o l  f o r c e .  They c l e a r l y  i n d i c a t e  upper 
] l i m i t s  of a c c e p t a b i l i t y  f o r  each set of s c r i b i n g  parameters .  A s  
t oo l  force i n c r e a s e s  so does s u b s t r a t e  damage, f ragmenta t ion ,  and 
s c r i b i n g  d e b r i s .  C a r e  must be taken  t o  examine marginal  l i n e s  
under dark f i e l d  i l l u m i n a t i o n .  F igure  13a,  taken under normal 
i l l u m i n a t i o n ,  shows t h e  l i n e  t o  be accep tab le .  However, t h e  s a m e  
l i n e  examined under dark  f i e l d  i l l u m i n a t i o n ,  F igure  13b, shows 
enough s u b s t r a t e  damage t o  cause t h e  l i n e  t o  be r e j e c t e d .  The 
cond i t ions  under which t h e  l i n e  shown i n  F igure  1 3  was s c r i b e d  
are s c r i b i n g  ang le  = 3 6 O ,  and f o r c e  = 6 . 5  g .  

D I C E  SEPARATION 

Using t h e  cond i t ions  which l e d  t o  accep tab le  s c r i b e  l i n e s  
(see Table I ) ,  w e  s c r i b e d ,  and sepa ra t ed  i n t o  d i c e ,  (111) s i l i c o n  

wafers  w i th  ox ide - f r ee  s u r f a c e s ,  varying i n  t h i c k n e s s  from 8 t o  
1 0  m i l s .  The wafers  w e r e  s c r i b e d  i n t o  . 0 6 1 - i n .  x . 0 6 8 - i n .  d i c e ,  
keeping t h e  s h o r t e r  edges of t h e  d i c e  p a r a l l e l  t o  t h e  ( 1 1 0 )  o r i en ­
t a t i o n  f l a t .  The d i c e  w e r e  s epa ra t ed  by us ing  a 1- in .  d iameter  
hand-held r o l l e r .  

F igure  14 i s  a photograph of t y p i c a l  d i c e  s c r i b e d  as i n d i ­
ca t ed  and hand r o l l e d  f o r  d i c e  s e p a r a t i o n .  Table I i s  a summary 
of t h e  p e r c e n t  of d i c e  y i e l d  r e a l i z e d  and t h e  s c r i b i n g  c o n d i t i o n s  
under which t h e  d i c e  w e r e  produced. 

TOE S C R I B I N G  

Applying t h e  s a m e  p r i n c i p l e s  denoted i n  t h e  hee l - sc r ib ing  
experiments r e p o r t e d  above, w e  made a d d i t i o n a l  tests i n  o r d e r  t o  

t o ecompare t h e  r e s u l t s  of h e e l  s c r i b i n g  wi th  - s c r i b i n g  of wafers .  
I n  t o e  s c r i b i n g ,  t h e  t r u n c a t e d  pyramid, diamond-tip t o o l  i s  set  
up such t h a t  t h e  s c r i b i n g  angle  i s  k e p t  less than  35O. One must 
be a w a r e  t h a t  t h e  geometry of t h e  t r u n c a t e d  pyramid too l  i s  such 
t h a t  t h e  ang le  @, i n  F igure  15 ,  i s  always 9 0 " .  
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Angle 0 ,  on t h e  o t h e r  hand, i s  v a r i a b l e  (see F igure  7 ) .  

t o eI t  may be s i g n i f i c a n t  t h a t  i n  - s c r i b i n g ,  no t r a i l i n g  hash 
marks w e r e  appa ren t  on any of o u r  s c r i b e d  samples. I n  h e e l  s c r i b ­
ing ,  however, t h e  presence of  hash marks w a s  found t o  be neces­
s a r y  f o r  e f f e c t i v e  d i c e  s e p a r a t i o n .  

I n  t r a v e l i n g  across a wafer ,  t h e  c o n t a c t  of t h e  f l a t  of t h e  
t o o l  w i t h  t h e  s u r f a c e  o f  t h e  wafer would appear  as i n  F igure  1 6 .  

W e  found toe s c r i b i n g  a long  t h e  (111)planes  t o  be much m o r e  
s e n s i t i v e  t o  t o o l  f o r c e  than  h e e l  s c r i b i n g .  I n  F igure  1 7  t h e  
( 1 1 0 )  s c r i b e  l i n e s  evidence no damage, whi le  t h e  (111) s c r i b e  
l i n e s  show enough f ragmenta t ion  and s u b s t r a t e  damage t o  be un­
acceptab le .  

CONCLUSIONS 

Consider ing t h e  q u a l i t y  of  t h e  s c r i b e  l i n e s ,  t h e  very l i m ­
i t e d  range o f  accep tab le  toe s c r i b i n g  parameters  and, more i m ­
p o r t a n t l y ,  t h e  subsequent e f f i c a c y  of d i c e  s e p a r a t i o n  f o r  t h e  
product ion  o f  d i c e  wi th  s h a r p ,  c l e a n ,  non-fragmented edges,  
h e e l  s c r i b i n g  i s  t o  be p r e f e r r e d  over  toe s c r i b i n g  under t h e  
cond i t ions  p re sen ted  above. 
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i 

a. (470X) b. 


Figure 1.- Acceptable line (a) and unaccept­

able line because of fragmentation (b) 


a,
k 

a. (470X) b. (3300x1 


Figure 2.- Acceptable scribe line (note trailing hash marks) 
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(110) FLAT 

(110)FLAT 

Figure  3.- D i r e c t i o n  of t o o l  t r a v e l  pe rpend icu la r  t o  
( 1 1 0 )  o r i e n t a t i o n  f l a t  i s  o p t i o n a l  f o r  
good s c r i b i n g  

(110 FLAT) 

a. 	 DIRECTION O F  b. 
TOOL TRAVEL 

Figure  4 . - D i r e c t i o n  of t o o l  t r a v e l  p a r a l l e l  t o  ( 1 1 0 )  
o r i e n t a t i o n  f l a t  i s  n o t  o p t i o n a l  f o r  good 

s c r i b i n g  
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(470x1 


Figure  5 . - 	 Photograph corresponding t o  ske tch  i n  
F igure  4 ( a )  

a. (470x1 b. 


Figure  6.-	 Photograph showing e f f e c t  of t o o l  t r a v e l  
d i r e c t i o n  
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TOOL I 8 = 6 0 °  

TOOL II e =450 

TOOL m e =330 

Figure  7.- Tool geometry 

F igu re  8.-	 S c r i b e  ang le  
f i x t u r e  

4 
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t i
I 

i 

l a  2a 3a 4 a  

F igu re  9 . - Photo­
graph of s c r i b e  
l i n e s  made a t  d i f ­
f e r e n t  s c r i b i n g  
ang le s .  
S c r i b e  Angle: 

l a  = 36O 
2 a  = 38O 
3a = 40' 
4 a  = 4 2 O  
5a = 4 4 O  

Force = 6 . 5  g 

5a ( 1 1 2 X )  

F igure  10.- S c r i b e  l i n e  made 
wi th  Tool I ,  0 = 60' 

S c r i b e  Angle = 38' 

Force 2a = 6 . 5  g (accepted)  
2b = 1 0  g ( r e j e c t e d )  

= 1 .  2 c  15  g ( r e j e c t e d )  

t 

2a 2b 2 c
(233X) 

11 




Figure 11.- Scribe line made 
with Tool 11, 6 = 45" 
Scribe Angle = 40" 
Force 3a = 6.5 g (accepted)

3b = 10 g (rejected) 
3c = 15 g (rejected) 

3a 3c 


Figure 12.- Scribe line made 
with Tool 111, 6 = 33" 

Scribe Angle = 38" 
Force 4a = 6.5 g (accepted) 

4b = 10 g (accepted) 
4c = 15 g (rejected)

1
i
I
I
I 

i 

4a 4c 


(233x1 
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a. ( 4 7 0 x 1  b. ( 4 7 0 X )  

Figure 13.- Scribe line under normal illumination (a), and 

under dark fi'eld illumination (b) 


P 
W 



Figure  1 4 . - 8 = 3 3 O ;  s c r i b e  
ang le  = 440 ;  force = 3 5  g 
( 9 8 %  y i e l d  a t  d i c e  separa­
t i o n )  

(112X) 


Figure  15.- End view 
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TOE SCRIB ING HEEL S C R I B I N G  

Figure  1 6 . - D i rec t ion  of t o o l  t r a v e l  __t 

4,(111) 

(470x1 

Figure  1 7 . - Photograph showing e f f e c t  of t o e  s c r i b i n g  

along (111) and (110) p lanes  
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TABLE I 


PERCENT GOOD D I C E  

36 '  

~~ 

6 . 5  9 8  

1 0  1 0 0  

15  1 0 0  

20  X 

35 
4 0  

Y I E L D  AS A FUNCTION O F  
AND S C R I B I N G  ANGLE 

Scribing A n g l e  

eII = 45O 

%I1 = 3 3 O  

9 5  I 9 8  

TOOL GEOMETRY, FORCE, 

~. 

9 8 %  9 8 %  

X X 

. 

9 4  

9 8  

X 


1 6  NASA-Langley, 1970 - 15 c-116 


